and modern, largely biomedical, sciences. Current historical writing portrays this connection as either non-existent or essentially antagonistic. 4 This article takes a contrary position, demonstrating instead how nineteenth-century science and sport came together in mutually beneficial interactions. This process helped to define notions of health, vigour and national identity, as well as solving some crucial scientific puzzles. Here I argue that paying closer attention to actors like Weston shifts our perspective on events like the Royal Agricultural Hall race, and will reveal other important stories: in Weston's case, the earliest documented doping controversy in modern sport, an event so far entirely overlooked by historians.
Modern sport and modern experimental science are both products of the intellectual and industrial changes that took place in nineteenth-century Europe; they are both nationally specific products, framed by local social and political institutions, while also both participating in an international trade in ideas and ideologies. 5 A set of common sociopolitical pressures, outlined below, acted to align the research priorities of science and the practices of sport across Europe. Consequently, both modern science and modern sport could express national strength or reveal national weakness, in physical as well as intellectual or economic terms; both were explicitly framed as processes to reform or preserve national bodies, literally as well as figuratively.
Framed in this perspective, it may seem strange that the relationship between the two histories has not been better studied. In this article two explanations are given for this silence. Firstly, there is the tendency for nineteenth-century writers and thinkers to take the athletic adult male body as a default state, a 'normal' that does not merit comment. Sportsmen (and they are all men in this story) are effectively made invisible by this assumption, so that the sporting part of their identity is generally only visible in the relatively rare situations when it is challenged or problematic: when they are being studied in the context of claims that severe sporting exertion is unhealthy, or that their doping has affected a physiologist's conclusions, or that their bodies are not good models on which to base policy relating to prison diets.
Secondly, then, this variable visibility has led historians to suggest that doctors and scientists in the late nineteenth century were sceptical about the value of sport, or even acted to limit and constrain athletic participation. 6 One reason why this view has persisted is that it fits prevailing trends in the historiography of both sport and science. In this article these tendencies are opened out and criticized in more detail, but in brief the issue is that, in the case of sport, amateurism and scientific intervention are considered to be opposed to one another; in the case of science, a prioritization of attention towards laboratory sciences has meant that clinical field studies (and awkward physiologists who do not fit neatly into existing narratives) tend to be ignored. The stories of athletes are most likely to be found in statistical and epidemiological investigations, and in field experiments and clinical case studies, and it is no coincidence that these are exactly the historical practices that tend to be marginalized in the traditional history of biology and medicine, which focuses on the 'rise of the laboratory' and the industrialization of science. 7 Compounding this situation is the fact that particular stories and publications from the nineteenth century have been cherrypicked and then repeatedly re-cited in historical works, effectively 6 See n. 4. fossilizing into a kind of 'canon' on sport and science. 8 In this article these works are refigured, and put into a different context, sometimes re-read against the grain of existing histories. This process reveals them as quite different objects, not least because they illustrate a second problem, which is a persistent issue with the way in which technical terminology is read. Phrases such as 'moderate exercise' and words like 'fatigue' are deceptively complicated, and vary significantly over time; when they are treated bluntly as transhistorical concepts, they distort our understanding of past events. 9 The case studies of Weston, and the field study on the Faulhorn, are focal points in this account because they offer a counter-narrative. Here I am going to walk through the story that connects a fried-paste diet to Weston's doping scandal, and, in doing so, outline the beginning of a new alternative history, one that will properly reconnect sport and science. In the process, I shall also show how these events were laced into bigger stories about bodies, nations, industrial anxiety and welfare reform.
I INVIGORATED SPORT AND DEGENERATE PEOPLES
Before looking at specifics it will be useful to see how the major forms of modern sport were themselves shaped by existing biomedical and socio-political anxieties. Grossly simplified, three new kinds of physical culture dominated northern and western Europe in the nineteenth century: the outdoor athletics of the German Turnen, the rhythmic movements and body culture of the Swedish Ling gymnastics, and the team and competitive sports of Victorian Britain. These were combined with, and altered by, one another and by native sports traditions, but despite these variations all three core systems shared two important features. Firstly, all were supposed to have effects on the mind as well as the body, forming characters or instilling appropriate moral virtues (although the precise content of those 8 Most of these are listed in Park, 'Physicians, Scientists, Exercise and Athletics in Britain and America from the 1867 Boat Race to the Four-Minute Mile'.
9 For a specific re-reading of some of these terms, see Vanessa Heggie, 'A Century of Cardiomythology: Exercise and the Heart, c.1880-1980', Social History of Medicine, xxiii (2010).
characters and the nature of the morals were as variable as the systems). Secondly, these systems often reached prominence owing to debates about national strength and national identity, or were fundamentally altered by them. These two features mean that modern sport, exercise and body culture was (and sometimes still is) systematically promoted as a cure for modern ills, particularly national decay and decadence, whether moral, spiritual or physical. When national and racial identities seemed changeable, or under threat, sport and exercise could be used to reclaim folk traditions and physical expressions of national character; they could also preserve or re-create the traditional national body and its social relations. By looking back to ancient Greek or Roman traditions they linked new or reforming nations to previous great races or civilizations, and they could be obvious and public displays of cultural difference (ideally, superiority).
10 They could also (and perhaps this is sometimes lost in the socio-cultural considerations) claim practical medical benefits, by literally healing and strengthening the bodies of citizens.
The German system of Turnen and the Swedish Ling gymnastics share more common features with each other than with British competitive sports. Each is associated with one charismatic founder, Frederick Ludwig Jahn (1778-1852) or Per Henrik Ling (1776-1839), and both were inspired by the German educator Johann Friederich Guts-Muths (1759-1839), one of the first promoters of systematic physical education for children. Both schemes were also developed as systems of training and education that would rebuild degenerate national bodies. For Jahn the impetus was the Napoleonic wars, particularly the fall of Berlin in 1806, in response to which he developed a small outdoor athletics site just outside the city walls in 1811. He used his scholarly background in linguistics to choose a name for his form of body culture that, although a neologism, sounded like a traditional High German word: Turnen.
11 Ling, also a scholar of linguistics, and also interested in folklore, likewise sought to deal with a Swedish national body whose weakness had been dramatically illustrated by the loss of the northern territories (later to become Finland) to Russia in 1809. Like Jahn, his system was based on what was known of classical Greek exercise, yet the two systems were largely novel methods of training the body. In Ling's case it was intended specifically as a scientific system, combining rational muscular training with aesthetic principles of harmony and balance. Ling's gymnastics were also explicitly designed to improve the nation's military strength, which is why his Royal Central Institute of Gymnastics (founded in Stockholm in 1814) was the first such European institution to get state funding. (This is also why it excluded women until 1864.) 12 Turnen, by contrast, was more commonly associated with radical politics, and for this reason was banned in Prussia in 1819. It became popular again after the revolutions of 1848, maintaining its links to ideas of 'traditional' yet radical politics well into the twentieth century. 13 What sets British team and competitive sports slightly apart in this trio of Ur-sports is that they were introduced primarily to solve an educational rather than strictly military need. These sports were initially aimed not at the general population but at the upper classes and social elite, or at least their male offspring; they were therefore structured around the pedagogical and disciplinary requirements of a limited range of institutions, that is, the elite public schools and the universities of Oxford and Cambridge. This origin does not preclude a military link, and they soon became rhetorically and practically imbued with a spirit of martial imperialism.
14 Sports were also discussed, studied, debated and criticized, with closer focus during periods of conflict, particularly around the mid 1850s and 1900 in the wake of the Crimean and the Second South African wars respectively. 15 According to proponents, team sports and competitive athletics not only could improve physical robustness but could also develop discipline, self-sacrifice, leadership and stoicism in middle-and upper-class boys (and consequently in the military and political leaders of the future). 16 Competitive sports were also supposed to act as a distraction from other, dangerous (particularly sexual) forms of physical expression and to channel the natural violence of the male into controlled and acceptable competition. It was these games-based models of fair play, sportsmanship and muscular Christianity that reformers later wanted to extend to the bodies of the working poor to replace working-class professional and traditional sports. 17 The reality was that, at least after the introduction of compulsory primary education in 1870, most charitable and state-funded schools, if they provided exercise or sports at all, used Turnenstyle drill and Ling-like gymnastics to shape the bodies of the children in their charge until well into the twentieth century (largely because of the lack of open space and other facilities, particularly in urban schools). 18 At the end of the century it was a French educator and anglophile Baron (Pierre) de Coubertin (1863-1937) who reinvented British sports as a thoroughly international phenomenon: having failed to introduce these activities into the French educational system, he instead resuscitated the Olympic Games, drawing as much from British sporting rhetoric as from any original Hellenic practices. 19 All these reinventions of sport and physical culture owe some of their popularity, or at least rising visibility, to a shared current of fear across the nations involved. Throughout the nineteenth century, military conflicts and the reality of industrialization and urbanization often highlighted the problem of a weakened citizenry, which was blamed for the flagging strength of economic and cultural institutions. Sports that promoted bodily robustness alongside traditional values spoke to these anxieties. More specifically, across Europe in the second half of the nineteenth century, these fears coalesced into a new, scientifically framed concern about progressive decline and decay, usually described as 'degeneration'. 20 Degeneration is a slippery notion: it can refer to individuals, to families or to larger collectives, from nations to races; it can indicate moral decay as well as embodied physical deterioration (and often encompasses both); its aetiology can be hereditary, social, cultural or environmental; it can be an 'urban legend' used to give political heft or contemporary resonance to long-standing social problems. 21 Many scientific ideas were pressed into service as evidence for, or explanations of, degeneration, but two in particular are pervasive. One, obviously, is evolution: although often interpreted in a positivist, progressive manner, demonstrating a hierarchy of beings with (usually) the white man at the top, by the last third of the nineteenth century it could also predict gloom, decay and disaster. Progressive evolution could be halted or even reversed as bad, polluted environments or vicious lifestyles caused population to 'de-evolve', or revert to older, more primitive human types. Likewise, if the processes of natural selection were interfered with -if the weak, mad, bad and deviant (both individuals and races) were enabled to survive and perhaps outbreed the strong, smart and noble -then millennia of evolutionary progress could be undone.
So far there is little in this overview to explain why the dominant narrative, at least for British history, is of an antagonistic relationship between biomedicine and sport. That comes with the second scientific idea harnessed to explain degeneration: thermodynamics. That physics, and abstract physics at that, has played a role in understandings of both modernity and national decline has been a common argument since at least 1990, when Anson Rabinbach published The Human Motor. 22 The connection is as follows: the first law of thermodynamics, published in 1847 by the German physiologist Hermann von Helmholtz (1821-94) as Ü ber die Erhaltung der Kraft, stated that energy could never be created or destroyed, merely changed from one form to another. This was initially an exciting promise for an industrializing continent as it suggested the possibility of limitless recyclable energy. This optimism was quickly overtaken by the consequences of the second law of thermodynamics, proposed in 1850 (and put into its complete form with the coining of the word 'entropy' in 1865) by the German physicist Rudolf Clausius (1822-88). Energy, Clausius argued, could not be endlessly converted, but rather became gradually changed into unusable forms, leading inevitably to the 'heat death of the universe': cold, dark and motionless, as all the energy in the cosmos had been converted beyond use. 23 This bleak fate for the macrocosm may seem very distant from day-to-day worries about fatigue and social decay, but it was absorbed into popular culture: H. G. Wells is the obvious example, as his novella The Time Machine (1895) includes a vision of the cold, dead universe of the future. 24 At a time when industrial metaphors were powerful, when nations and cities could be imagined popularly and politically as productive powerhouses ruled by the laws of energy like steam-powered engines, and when citizens were conceptualized as human machines, the question of energy conservation and energy expenditure in the microcosm was vital too. 25 Ample ammunition was provided for this way of thinking about the human machine by the work of a group of pioneering 'modern' physiologists, including Helmholtz, who explicitly linked physics to physiology, and ran a research programme in the late nineteenth century that aimed to reduce the complexity of living organisms to the mathematical simplicity of physical laws.
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It is not a great leap from the human machine to Rabinbach's 'human motor'; framed as an energy-limited machine it was the idea (or fear) that human bodies had a fixed store of energy available to them that linked modernity, fatigue, exercise and decay. Overpressure and over-demand on the human machine would cause fatigue, damage and, eventually, progressive degeneration. This understanding worked at the micro and macro level for bodies, as well as universes; the 'fixed store' might be the energy of a whole person, leading to fatigue and disease if overtaxed (for example, in those who combined vigorous 'brain work' with physical activity), but at the same time individual muscles, organs and nerves were understood to be at risk of strain if pushed beyond 'natural' limits. 27 It is worth emphasizing that these ideas were applied less to the exhausted bodies of manual labourers than they were to the 'nervous' and hysterical diseases of white-collar workers, or to the wombs of women rendered infertile (or worse) by the reckless redirection of their energies into activities such as higher education or athletics. 28 The pervasiveness of these disease fears can be seen in the large volume of writing on diseases caused by 'strained nerves' or 'stressed' bodies, particularly the fin de siècle's most characteristic disease, neurasthenia. 29 Many of the suggested cures for these diseases, from expensive rest homes in the Alps 26 Lenoir, Instituting Science. to cheaper home electrical therapy kits, were explained as techniques that rejuvenated human bodies through the manipulation or replenishment of 'energy'. 30 So here is an apparent paradox: at the same time as sport and physical exercise were being promoted as cures for degeneration, they were also being blamed for causing degeneration. Associations with drinking and gambling were obviously problematic, and some sports were routinely condemned as too violent or competitive to create appropriate moral feelings, but there was a connection to real bodily harm too: supporters of various competing systems of physical training often suggested that their rivals' schemes were deficient or dangerous, either to all, or to vulnerable bodies such as women and children. 31 Women's engagement in vigorous, especially outdoor or public, exercise was particularly challenging. 32 In some cases, then, criticisms of sport and exercise were also couched in medical and scientific terms: could too much exercise, or the wrong kind of exercise, taken at the wrong time, in the wrong way, by the wrong person, cause harm -strain or even degeneration -to minds and bodies?
These criticisms have dominated the historical landscape for at least twenty years, since the publication of The Human Motor (and Roberta Park and James Whorton were publishing similar arguments, although without the link to physics, in the mid 1980s 33 ). But more recent revisionary work has begun to paint a somewhat different picture of the decades around 1900. Both Hilary Marland and I have suggested that, while the body may have been conceptualized as a machine, it was not necessarily a fixed machine, incapable of change or improvement. strain was a real concern, and while energetic inputs and outputs needed to be balanced in the human machine, the capacity of bodies and muscles could be increased over time -by training. Similarly, a closer reading of what words like 'moderate exercise' and 'fatigue' actually mean in their historical context (rather than how they are understood by contemporary readers) has cast doubt on histories that describe an extremely conservative medical view of sport, with doctors condemning many forms of exercise as unhealthy. 35 It seems, in fact, that mainstream medical opinion was in favour of vigorous exercise by 1900, at least for the 'normal' person, that is, the able-bodied adult male.
II MODERN STATISTICS AND MODERN STRAINS
Nonetheless, there were criticisms of sport, and although these may have been overemphasized by historians, they do provide useful opportunities to reveal the role played by sport in the construction of notions of health and well-being. While rendered invisible by their normality in many circumstances, it is ironically in situations where their normality is being debated that athletes are put, as a special category of person, into the foreground of scientific studies. That is because accusations that the athletic body is unhealthy can only be refuted by studies that are explicitly about, and specifically use, the athletic body. This is demonstrated by the fact that the first large-scale English-language scientific study of athletes was a deliberate attempt, through a statistical survey, to answer sports' critics and prove the healthiness of vigorous (elite) sport.
In 1873 John Edward Morgan, a physician at the Manchester Royal Infirmary, published a book with a lengthy, but selfexplanatory, title: University Oars: Being a Critical Enquiry into the After Health of the Men who Rowed in the Oxford and Cambridge Boat-Race, from the Year 1829 to 1869, Based on the Personal Experience of the Rowers Themselves.
36 The book was a direct response to a debate that had taken place in the letters column of The Times in 1867 about the possible dangers of the Oxford and Cambridge Boat Race on the Thames. This 35 See Heggie, 'Century of Cardiomythology'. 36 J. E. Morgan, University Oars (London, 1873). discussion was prompted by a letter from a surgeon, F. C. Skey, suggesting that the University Boat Race harmed young rowers by placing too much demand on their human machines and leading to strain, particularly heart strain. 37 Skey's sceptical view of exercise has been given a disproportionate amount of attention by historians; his was a minority view, but it did provoke a range of responses (both pro-and anti-rowing and other sports), and directly inspired Morgan to start his statistical work. What became clear in the exchange of letters that followed Skey's suggestion was that, while the debaters drew on, and tried to apply, their understanding of modern theories of fatigue and muscle function, they still relied on anecdote, personal experience and extrapolation. 38 There was an absence, Morgan claimed, of specific focused studies within either physiology or statistics that addressed the relationship between health and exercise. This is a salutary lesson for the historian: absence of evidence may be a way in to unspoken, tacit assumptions and taken-for-granted presumptions. One does not need to prove that sport is healthy (or safe, or moral, or fun) until there is a serious challenge to the contrary. Skey's intervention, far from evidence of a sustained medical scepticism of sport, may be an indication of quite the opposite.
Morgan's study fits neatly into other narratives. The nineteenth century was a period of intense mathematization, at least in western Europe, of understandings of the natural world. The laws of nature were being rendered down into predictable, mathematical, machine-like explanations. Such practices had consequences well beyond natural history or physics (or sport) as from the late eighteenth century the trend to mathematization is particularly strong in the rise of statistical studies in service to government and policing. This includes everything from new forms of economic analysis to the increasing care with which population statistics, censuses, and birth and death records were created and collected. sports 'modern', at least according to Allen Guttmann, is that it participates in this move to quantification: towards 'countable' sports and feats that can be measured, specifically, by time, distance or weight. 40 Morgan was therefore drawing on contemporary trends in study and evidence when he sent out surveys to ex-rowers, their friends and families, and rowing clubs. He also relied on the new statistics himself, seeking out life tables and mortality statistics (usually collated and provided by insurance companies) to give estimates of 'average' or 'normal' death and sickness rates to act as a control against the data he collected from and about rowers. His conclusion was unambiguous: varsity rowers lived at least as long as their nonrowing peers, and in general experienced no negative health effects for having rowed in the Boat Race.
Morgan's work was widely read, and influential: at least a few doctors and cardiologists who had been in the minority, criticizing sport, revised their position after the publication of University Oars.
41 That is, it was widely read and influential in British intellectual circles, while it seems to have had less impact elsewhere in Europe, where similar patterns of sceptical challenge and statistical rebuttal can be seen in medical works even after Morgan's publication. To take one example, the German doctor George Kolb published an equally long-windedly titled book in 1887 (fourteen years after Morgan's), which was translated into English Kolb's own enthusiasm for (and participation in) sports, his suggestion that he genuinely thought he would find so much disability linked to sport reads something like hyperbole; his conclusion is the opposite, that sport is healthy and safe. We should read his introduction in light of his conclusion, since data that converts an author may consequently seem more convincing to a reader. In any case, it can have been no disappointment to Kolb to find that, far from experiencing heart strain, 'scarcely one single man was without an entirely normal and healthy circulation of the blood'. 44 Overall, Kolb concluded that, while there were some risks in sport, mostly of the traumatic and accidental kind, the moral and medical benefits on average outweighed any risks. Moreover, as he had chosen to study bodies that engaged in the most extreme forms of exercise, it was logical to assume that more moderate forms of sport would have even fewer potentially negative outcomes.
Physiology of Sport does not offer us any particularly novel conclusions, but it is widely referenced and cited nonetheless: this is probably because of its unfortunate title in translation. Historians (and even a contemporary reviewer in the British Medical Journal ) refer to it as one of the first texts on exercise physiology. 45 As such, it is a disappointment, as the review makes clear, criticizing not only Kolb's translation efforts, but also the balance between data and analysis.
46 This is unfair, as Kolb's purpose was not to write a textbook on exercise physiology. Physiology of Sport was instead an analysis of the effects of sport on health and well-being, which is why so much of the book is given over to clinical and statistical observations: measurements of athletes, analyses of their urine, records of their pulse rates and heart sizes, and so on. Although this is bulked out with a discussion of the nature of fatigue -which for Kolb is a purely biochemical phenomenon caused by the accumulation of 'fatigue stuffs', a view rather ahead of its time -the book is therefore not a 
47 Even here it is apparent that it is conflict over sport and exercise that renders sporting bodies visible as objects of scientific (or, in this case, state) scrutiny: normality and health were part of a high-level debate that was far more intense and at least as divided in France as it was in Britain (or Germany). Lagrange was one of a growing body of physiologists and doctors in France who were heavily involved with the reform of physical education and sport, a phenomenon better studied in the twentieth century, but with clear roots in the late nineteenth. 48 France follows the pattern we have already seen in Germany, Sweden and Britain: reforms relating to exercise and physical culture arose in part as reactions to fears of national decline and degeneration, particularly after the Franco-Prussian War of 1870-1. The immediate response to military defeat was to institute military drill and training in state schools, but throughout the 1880s and 1890s a hygienist movement argued the case for more general health and education, suggesting that an already healthy citizen could more rapidly be trained in the specialized skills of the military when necessary.
Western scientists, doctors and other middle-class professionals became imbricated in government throughout the nineteenth century, often by making appeals to their expertise in pressure points between the citizen and the state: public health, education, economics, industrial research, military strength. Physical exercise and sport offered an obvious way for biomedical and physiological professionals to become involved in government reform and intervention. Lagrange was one such, appointed to the head of a commission charged with reforming gymnastics, serving alongside the physiologists and film pioneers Georges Demenÿ (1850-1917) and É tienne-Jules Marey . 49 Opinions on sport and exercise in late nineteenth-century France were clearly split. In 1888 the Ligue Girondine d'É ducation Physique was founded by the physician Philippe Tissié (1852-1935), and it promoted the use of gymnastics and similar forms of exercise, setting them up in explicit contrast to competitive and 'violent' team games and track sports. These were, of course, games of exactly the sort that were championed by Baron de Coubertin, although he framed them as manly and improving, rather than violent. Perhaps unsurprisingly then, when Tissié studied elite and competitive athletes from team and track sports, his investigations tended to suggest that such high-level sport was, after all, unhealthy. Tissié's views therefore reflected, and possibly led, those of the Ligue, but need to be read as being anti-British (or at least anti French Anglophile) as much as they were anti competitive sports.
Despite this political complication, it is Tissié and not Lagrange who is usually cited as the pioneer of French sports medicine, not least because of the emphasis on him in John Hoberman's seminal work on the machine metaphor in sport, Mortal Engines.
50 Certainly Tissié's work resonates well with the concerns of twentieth-and twenty-first-century sport; he is best remembered for his studies of drugs and stimulants, particularly his series of studies of the endurance cyclist Stéphane, which, of all nineteenth-century experiments involving an athlete, historians must have examined the most closely. 51 As this article demonstrates, however, this focus is misleading. Tissié's negative attitude towards the healthiness of elite and endurance sports was not representative of a hegemonic medical view, and while he may have been one of the first physiologists to study athletes with the assumption that they were abnormal (and possibly unhealthy), he was far from the first to study them per se. Lagrange, whose work is more general and more representative, was generally in favour of competitive sports and athletics. Although he does suggest that extreme exercise can cause strain, distress and heart disease, in doing so he makes reference to particularly atypical sports; for example, he says, 'Professional runners, some of whom in Africa traverse almost incredible distances, are in the end usually affected with passive dilatation of the heart, resulting from exhaustion of the organ'.
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He was sceptical about more moderate running as a healthy form of exercise too, as it so often led to breathlessness, fatigue and collapse; but again, even here he cannot be recruited into the argument that doctors routinely opposed sport, as he suggests that part of the problem was that in France, unlike in England, sports coaches were not available. 53 He specifically emphasizes the fact that bodies could be conditioned into safe participation at a level of performance unavailable to the untrained body, and he therefore fits better with the more positive reading of medicine and sport indicated by more recent historical work.
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One other intriguing aspect of Lagrange's work is that he makes no distinction between exercise in sport and exercise in manual labour:
Scientifically speaking there is no difference between the professional labour which circumstances demand from the peasant or workman, and the more or less refined exercise to which a sportsman devotes himself. 51 The difference lies in the participants' way of life:
The gentleman has his exercise at his own hours, regulates to his own taste the time he allots to it, following the calls of hygiene, diet and rest, while the poor man works too much, feeds badly, and sleeps little. This is why work wears out the one, while exercise strengthens the other. 55 Even in the late nineteenth century it was not obvious to researchers that the 'athlete' was a useful 'natural kind', that is, a useful category of human being for specific and special analysis, or an important category for scientific, medical or statistical study. It was not until the early twentieth century that the bodies of athletes (now including women) were reconceptualized as something other than normal; in other words, that these were bodies that were not subject to the normal laws of physiology, or which might need special training and treatment. 56 Prior to this point it may not have been important, or apparently relevant, to mention that a human guinea pig rowed for his university, or was a keen physical culturalist, taking cold baths and long runs before breakfast. What this means is that the use of athletes and sporting bodies to generate knowledge and facts about the world is often effaced. The next section reclaims one of these human guinea pigs by reconsidering Edward Weston's story. Significant not only in its own right as part of a two-generation international debate, the walk in the Royal Agricultural Hall also matters because of the clear agency of the athlete involved; it is an indicative window into the invisible participants of scientific work.
III FUELLING THE HUMAN MACHINE
Nations concerned with the degeneration and 'thermodynamics' of their populations were as interested in fuel as they were in fatigue; that is, how should the human machine be fed, and how did that food relate to their industrial or economic output? The question of the source of bodily energy was an active debate throughout the nineteenth century, and was at its core a deceptively simple physiological question: what was the source of muscular and nervous energy, and how was it replenished? In 1842 the German chemist Justus Liebig (later Justus von Liebig; 1803-73) put forward the suggestion that it was protein that was the bodily, and therefore dietary, source of energy for movement. 57 In Liebig's model the muscles of the body were literally broken down through a chemical reaction that liberated energy, which was then converted into movement and heat. After exercise the muscles were rebuilt during rest periods using protein from the diet. This was not just an abstract laboratory theory; it also resonated strongly with the lived experience of high-performance and professional sports people, as high-protein diets were consistently favoured by practitioners and recommended in training books and biographies. Evidence for Liebig's theory could also be drawn from experiment owing to the presence of urea (a waste product from protein metabolism) in the urine of people doing intense work, and coincided with common experience as the strongest and most fatigue-resistant members of the human race tended to be those with good musculature (which, in Liebig's system, meant they had a larger store of energy to draw from).
With sporting superstition, 'common sense' and laboratory evidence all in sync, it is hardly surprising that the idea that protein is essential to exercise remains, even into the twentyfirst century. 58 But it was not long before Liebig's theory was challenged. In 1860 Carl von Voit (1831-1908), originally hired as an assistant physiologist in Liebig's research group, produced some ambivalent results using dogs on treadmills. 59 In 1866 Voit and the Bavarian physiologist Max Joseph von Pettenkofer (1818-1901) were given 2,800 guilders by the Bavarian royal family for the construction of a human-sized respiratory chamber to extend this work. 60 This sealed room, 57 Justus Liebig, Animal Chemistry: or, Organic Chemistry in its Application to Physiology and Pathology, trans. William Gregory (London, 1842). For convenience I am going to use the word 'protein' throughout, although the original nineteenth-century works also use 'nitrogenous foods', 'nitrogen-containing foods', 'proteid' and other variations. The word 'protein', meaning 'first stuff', was coined by a Dutch chemist, Gerrit Jan Mulder (1802-80), in 1838, but not used consistently until the twentieth century: E. Brouwer, 'Gerrit Jan Mulder, 1802-1880', Journal of Nutrition, xlvi (1952 large enough to hold a human being with space to move around, allowed the experimenters to calculate and measure every input and output: gases, solids, liquids, and the heat and movement generated by their subject. Their conclusions were cautious, possibly because Liebig was still such a powerful and idolized character, so, although their figures strongly suggested that bodily energy drew on sources other than dietary protein, they maintained that protein was nonetheless the main source of energy in human beings. 61 (Voit went on to set what became known as the 'Voit standards', daily minimum recommended amounts of protein for working and sedentary men. Although these were used in the design of dietaries by private and staterun institutions, and social reformers, across Europe, at 118 grams per day for the labouring man they were considered mistakenly high by the early twentieth century.) 62 It took two bolder, self-experimenting physiologists really to challenge Liebig's ideas. In August 1865 the physiologist Adolf Eugen Fick (1829 Fick ( -1901 ) and the chemist Johannes Wislicenus (1835-1902) picked the Faulhorn as the 'laboratory' for an elegantly simple experiment to test Liebig's theory. The Faulhorn was a popular destination for scientific researchers in the mid and late nineteenth century, not least because it conveniently had a hotel on the summit. 63 Assuming that Liebig's theory was correct, an ascent of the mountain would be powered only by the breakdown of protein in the climbers' muscles, which could be quantified by measuring the amount of urea in their urine. To avoid any contamination by dietary protein, Fick and Wislicenus relied on carbohydrates as climbing food, eating fried starch paste and drinking sugary tea on the ascent. The climb took eight hours, and afterwards they performed a fairly simple set of calculations to estimate the energy required to lift their body weights the height of the Faulhorn. Of course, these calculations themselves drew from work in thermodynamics, and were part of the practices that rendered the human body into a machine whose inputs and outputs 61 M. von Pettenkofer and C. Voit, 'Untersuchungen ü ber den Stoffverbrauch des normalen Menschen', Zeitschrift für Biologie, ii (1866).
62 Mikulas Teich, 'Science and Food during the Great War: Britain and Germany', in Harmke Kamminga and Andrew Cunningham (eds.), Science and Culture of Nutrition, 1840 -1940 (Amsterdam, 1995 . 63 Aubin, 'Hotel that Became an Observatory'.
could be precisely measured, and thus understood. The results were unambiguous: the breakdown of muscle, as indicated by their urea production, was not sufficient to account for the energy they used in the climb. 64 The disparities were not huge (250 calories released versus 305 burned for Fick, and 249 versus 352 for the slightly heavier Wislicenus), but the researchers had made no allowance for any other energy needs: basal metabolic functions (digesting that fried paste), taking a slightly meandering path up the mountain, and so on. So the number of calories calculated as having been used was a minimum, and the difference between the energy available from protein metabolism and the energy burned even greater. Something had to make up that shortfall. It was therefore clear, they argued, that at least some bodily energy must be provided by the non-nitrogenous parts of the diet; in other words, fats and sugars also played a role in fuelling the moving body.
Were this a traditional history of diet or science, my account would understand Fick and Wislicenus's research as the key disproof of Liebig's protein theory of energy, and would move on to the rather long story of how scientists discovered the exact roles of fats and carbohydrates, culminating in 1922 in the Nobel Prize in physiology or medicine for the British physiologist A. V. Hill (1886-1977) and the German biochemist Otto Meyerhof (1884-1951) for their work on the detailed metabolism of muscles. But such accounts ignore the fact that this debate was far from settled in the nineteenth century. For doctors, scientists and athletes the relationship between the contents of the diet and the output of the body was not yet certain. As late as 1878 the prominent American physiologist Austin Flint Jr (1836-1915) was defending Liebig's protein hypothesis and, more significantly for this story, doing so by using athletes as his experimental subjects. In a lengthy article published in the Journal of Anatomy and Physiology in 1877, Flint summarized the state of the field, and heavily criticized the conclusions of Voit, Fick and Wislicenus, and particularly the work of the British physiologist Frederick William Pavy (1829-1911).
Flint's original research work, undertaken in the early 1870s, followed a familiar pattern: subjects performed variable amounts of exercise, their food intake was observed or controlled, and their urine collected and analysed for traces of urea. Again, this is a pattern of thermodynamically informed research, looking at inputs and outputs. What was more unusual in Flint's work was his use of sportsmen, particularly the long-distance pedestrian Edward Weston, to prove his theory that heavy exercise increased excretion of the waste products of protein metabolism (which implied that muscles were actively consumed in the process of exercise). The consequence of Flint's choice was that Weston, and more particularly his body and bodily fluids, became key players in a series of acrimonious scientific debates.
When sporting and financial motives drew Weston to the United Kingdom in 1876, he was immediately courted by Flint's nemesis, Pavy. The latter was then a practising doctor and lecturer in physiology at Guy's Hospital in London. By the 1870s he had gained a reputation as a notable researcher, a prolific publisher of experimental studies and a founder member of the Physiological Society. He also had a tendency to tackle, and directly challenge, the European 'greats' of experimental physiology. His most recent major set of works had been an attempt to overthrow ideas about sugar metabolism developed by the 'father of physiology', Claude Bernard (1813-78). National rivalry, as often intellectual as military, is clearly a theme in this story; in this case, European continental physiology had taken an experimental (and physicsoriented) turn in the second half of the nineteenth century, and, while many in Britain criticized this new direction, just as many saw it as proof of the stagnation of British physiology (and possibly all forms of British science). could he challenge a great German scientist's ideas, but he could also tackle one of his own personal critics using the very same human guinea pig.
Weston, presumably used to the odd demands of physiologists by this point, agreed to collect all the urine he passed during his attempt to walk 115 miles in twenty-four hours (he actually completed 'only' 109.5 miles). Unfortunately, this sample was ruined as 'through inadvertence on the part of one of the attendants, slops were thrown into [the urine bucket] and it was rendered useless for analysis'. 67 This mistake turned out to be a lucky one, as we shall see, but for his first article on diet and sport Pavy had to use a post-race urine sample, and the urine collected from Weston's only challenger, the British walker Mr Perkins. (Mr Perkins's 'thin slipper shoes' did him no favours and foot pain forced him to switch to canvas lace-up boots before dropping out after 65.5 miles and 14 hours 30 minutes.) 68 Weston also agreed to save his urine during a subsequent forty-eight-hour 180-mile walk, and over two long articles in The Lancet Pavy published his analyses of Weston's dietary intake and performance and scrutinized, and published pictures of, his urine. 69 Pavy's conclusions were couched explicitly in terms informed by the new science of thermodynamics:
It is now an established doctrine that force, like matter, can be neither created nor destroyed. The different forms of force are mutually convertible the one into the other . . . What is true of force in the inorganic world is equally applicable in the organic. The force manifested by living beings has its source by transmutation from other forms which have pre-existed. The food of animals contains force in a latent state. Properly regarded, food must be looked upon, not simply as so much ponderable matter, but as matter holding locked-up force. 70 theory about the unique centrality of protein to the human motor. Pavy concluded that protein alone could not have powered Weston's walk, and that fats and carbohydrates also played a part in fuelling the human body. This confirmed Fick and Wislicenus's original finding, although the two Germans had already gone further, arguing that exercise had no effect on protein metabolism at all (that is, it did not stimulate the breaking down of muscles). Pavy could not go that far with the data to hand, and concluded that doing hard or very hard exercise did increase the body's need for protein, and could cause muscle to be digested, but he also made a strong case that protein should be dethroned as the main or only source of bodily energy.
Pavy's analysis of Weston's bodily fluids almost immediately became part of a controversy, but not one that challenged his understanding of human fuel. Instead the problem was that a British public health specialist levelled a charge of doping against Weston. J. Ashburton Thompson (1846 Thompson ( -1915 , a keen epidemiologist and public health specialist, had been following Weston's feats and publishing his own independent physiological observations on Weston's races. 71 Thomson's dispute with Pavy revolved around the use of coca. Weston was sometimes in the habit of chewing the leaves of the coca plant (Erythroxylum coca) and Thompson pointed out that this would materially affect the outcome of urine studies. Coca, he said, affected the production of urine and 'retard[ed] the waste of tissues' (that is, it prevented muscle breakdown), and would therefore compromise the results of Pavy's otherwise meticulous study. 72 As luck would have it, the race in which Thompson had seen Weston chewing coca was the same race in which there had been a disaster with the urine bucket (this was the one contaminated with 'slops' and discarded). This happy accident rescued Pavy's scientific claims as Weston insisted that this was the only time he had used coca, so all the other urine samples were untainted and the analysis stood. interesting because it is a useful corrective to the more celebratory narratives of British nineteenth-century sport that bring to the fore an amateur ethos, which is read as one that did not allow athletes to train, to take drugs or stimulants, or to 'try too hard' in any way (and certainly not to take part in serious academic study of sport). That the complaint is not about the use of a stimulant per se, but about its consequences for scientific work, is a salutary reminder that absences are sometimes poor guides to the lived reality of the past. A lack of complaints about doping can either indicate that athletes avoided pharmaceutical assistance or, more likely (as this case shows), demonstrate a very different attitude towards the rights and wrongs of doing so. This doping accusation also opens up a second, far more important absence: no one, after all, suggested that an elite athlete capable of performances at world-champion level was perhaps a pretty poor model for understanding the activity of the normal human body. At a time when population statistics was establishing itself as a vital political and social science, questions of norms, averages and fair comparisons were being discussed in many similar situations, so why not here? 74 Again, the absence is leading: there are few occasions when studies on athletes were questioned in this way, and these relate almost entirely to cases in which there is a pointed political issue at stake, most commonly the feeding of prisoners and workhouse inmates.
Amid the nineteenth-century anxiety about healthy and unhealthy populations is an ongoing set of conflicts about the diets of captive or institutionalized populations: prisons, hospitals, workhouses, military bases and, later in the century, state-funded schools. In Britain, in particular, the fervent and often medical-led opposition to the poor law reforms of the 1840s pointed specifically to the alleged inadequacy of diets in the workhouses, and there were very public clashes between reformers, politicians and epidemiologists over issues of starvation and poverty. 75 It therefore mattered intensely, for political, economic and ethical reasons, whether man could live by bread alone, or if generous portions of 'animal food' were also needed for normal physical work. 76 Physiological studies of nutrition were therefore politically loaded: as well as being a locus for international rivalry, they were used by reformers (and their opponents) as evidence of the correct or incorrect dietary regime for state-run institutions. Probably the most famous work was that of Edward Smith (1819-74), who studied the diets of prison and workhouse inmates, particularly prisoners who had to work on the treadmill at Brixton prison, and attempted to come up with 'scientific' dietaries. 77 Smith's work was controversial, but he did succeed in leading and influencing government inquiries into the diets of the poor and the incarcerated. 78 Specifically, he also inspired Fick and Wislicenus to climb the Faulhorn after he criticized Liebig's theory that proteins supplied bodily energy. 79 In turn, Fick and Wislicenus inspired the military doctor Edmund Parkes (1819-76) to reconsider diets in the British army. Parkes, professor of military hygiene in the Army Medical School and of clinical medicine at University College London, used exercising soldiers as subjects of study in the mid 1860s to confirm Fick and Wislicenus's findings. 80 This work had direct consequences in the reconstruction of army (n. 75 cont.) dietaries and ration packs. 81 In turn, Parkes's work, like Pavy's, was taken up and criticized by Flint when he studied Weston in the United States, so this becomes a transatlantic as well as a European story, involving soldiers, prisoners, social reformers, scientists and athletes.
Pavy's work on athletes did not lead directly to a revolution in the sporting diet; in fact, he is best remembered as a world expert in the construction of diets for the treatment of diabetes. 82 (At this time the only treatment for diabetes was a drastically reduced diet, eliminating as much carbohydrate as possible.) But his research did feed into subsequent work on the diets of soldiers, prisoners and the poor. So it is worth reiterating that even in this extremely febrile research field, with relatively high political stakes, it was extremely rare for studies to be criticized because they used athletes as subjects. When they were criticized, it was almost exclusively because of the type of work done; that is, it was not clear that climbing a mountain or running were equivalent forms of labour to the treadmill or rock breaking (though, as we have seen from Kolb's book on the physiology of sport, the equivalence of forms of labour became more widely acknowledged towards the end of the century). Athletic bodies, therefore, could still be representative of normal human function. Indeed, when the American chemist Wilbur Atwater (1844 -1907), with his assistant Charles Langworthy, published an extensive review of the existing research literature on nutrition and diet in 1898, he divided up the 3,800 studies he identified into those studying healthy or unhealthy bodies, in normal or abnormal situations, but he took no account of whether the subjects were elite athletes or sedentary bank clerks. 83 This habit of assuming that the athletic body is the normal body, especially as it relates to politically applicable research, continued into the twentieth century. between the Harvard Medical School and Harvard Business School, the laboratory had a clear founding aim to study the problems of labour (with a view to easing the problems of management). The fatigue of working men, and the implied need, if any, for the reform of working hours, was one such puzzle they tackled, and one that researchers sometimes examined by using the performance of elite sportsmen rather than that of ordinary factory-workers. 84 
IV

CONCLUSION
The first encounters between modern biomedical science and modern sport helped to codify sport as a healthy male activity, provided a space for discussions about national character and national scientific standing, and even created a site for the generation of 'evidence-based' policy making -at least when it came to designing military rations, feeding workhouse inmates or designing compulsory physical education courses for state schools. 85 That we do not know much about these encounters is the result of two forms of invisibility: one a consequence of nineteenth-century assumptions about bodies, and the other a consequence of historians' assumptions about the nineteenth century.
Pavy is an excellent example of the way in which blind spots are generated by our historiography. Unfortunately for his long-term reputation he was neither so wrong about metabolism that he can appear as an antagonist (or as evidence of the backwardness of British physiology), nor so right that he can be celebrated as a pioneer or visionary hero. Indeed, he is difficult to write into histories of science because, despite being a keen provocateur taking on the 'big names', he is a deeply inconvenient historical actor who entirely fails either to demonstrate or to contradict any of the current trends or arguments about science in the nineteenth century. Key to the existing historiography is the rise of the laboratory as a crucial site of authority and knowledge production in the European life sciences. This is a story of national differences, as mentioned above, as in continental Europe, particularly in Germany and France, the institutions and facilities for laboratory-based experimental physiology appeared considerably before equivalent institutions in the United Kingdom or the United States. This led to debates about whether this new approach was either correct and modern, or reductive and simplistic, and whether British science was wise or foolish to neglect it. 86 Pavy certainly took part in these debates. Having trained with Claude Bernard in France, he complained of 'the stagnancy of English physiology which was kept afloat by amateurs like [myself ] in whatever time they could spare from private practice'. 87 On the other hand, one of his major criticisms of Liebig was the chemist's reliance on oversimplified laboratory models and an over-reductive mathematical theory of biology, which could not, in Pavy's view, accurately represent the complexity of living systems. Understanding these two views makes sense of Pavy's approach to experiment: he was clearly committed to clinical experimental physiology, doing field studies and using whole organisms at the same time as running detailed laboratory studies with a microscope and analytical chemical equipment. He used much quantification and was well informed by theoretical and thermodynamic models, but also used his experience of sports people and patients, and 'common knowledge' (for example, about athletes' preferred diets) in his scientific publications. Neither fish nor fowl, he is not useful in arguing or illustrating either side of a historiographic debate, if it can only be represented as polarized. This is somewhat unfortunate as it is these mixed-site, fieldbased and whole-body or clinical kinds of physiology that had the clearest application to crucial political and social problems, and this is the site where sport and science most often meet. Ignoring studies of these kinds in favour of telling stories about the rise of the laboratory, or about cross-Channel debates on the philosophy of experiment, has made it less likely that we would be able to spot the athletic body when it is engaged in scientific work. Weston's story is not just about a meeting of science and sport that goes against the usual accounts of absence or antagonism, but also one in which the agency of the sportsman can be properly recognized. 'Mr Weston enters with as much enthusiasm into the spirit of these researches as into his walk, and has placed every facility at my disposal', wrote Pavy. 'It is only a just tribute to him to say that science is indebted to him for his desire to aid its advance'. 88 Without stories like this, athletes disappear into the scientific and medical literature; as 'normal' human beings the amateur athlete or professional sportsman is rarely flagged in publications. Consequently, hundreds of athletes have almost certainly participated in human experiments and studies only to be anonymized as subjects identified only with an initial, a gender, an age. They only become visible when the work is a study of sport as a potential problem (such as Kolb or Morgan's surveys), which has inevitably skewed our reading of past medical encounters with sports, as well as hiding the agency and identity of the participants in scientific work.
The fact that nineteenth-century writers on sport and science thought that the active male body was normal, the standard body for scientific work, or something to take for granted, does not mean we should, as historians, agree with them. 89 Weston's long walk in the Royal Agricultural Hall in 1876 is an opportune historical moment for intervention and analysis. Not only does it allow a revisionist conversation about the relationship between modern sport and modern science, but it also requires that those dialogues should be properly placed in the context of a series of other narratives: about body culture and national identity; about international relationships and fears of social, cultural and physical degeneration; about the history of welfare and social policy; about an understanding of societies and nations 88 Pavy, 'Effect of Prolonged Muscular Exercise on the System, [Part I]', 320. For more on Weston's participation, see Harris, Harris and Marshall, Man in a Hurry, which takes this material very seriously, unlike many sports histories. 89 On the gendering of the normal male body, see Londa Schiebinger, 'Why Mammals Are Called Mammals: Gender Politics in Eighteenth-Century Natural History', American Historical Review, xcviii, 2 (1993).
that rendered citizens as energetic machines. None of these narratives can be fully fleshed out in this article, but it does serve to demonstrate a useful place where a historian can step in and open out the ramifications of a previously underconsidered relationship. It should remind us of the analytic power of absences.
